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The purpose of this series of mimeographed publications from

the Danish Institute forEducational Research is to stimulate

feed-back on material of a provisional and sketchy nature,

from educators and psychologists engaged in practical work

and/or scientific research.

Attention should also be called to the Institute's fur-

ther publishing activity: those publications for general di-

stribution (published in book form by Munksgaard Forlag,

Copenhagen); and reprints from books, articles, etc., and

educational tests, all of which can be purchased directly

from the Institute. Information on publishing activity can

be found in the Institute's Yearly Report published in

mid-September.

This report may be copied in whole or in part, though

kindly with an explicit statement of source.

The reports are not for sale, but can be obtained in

limited numbers, free of charge, by contacting directly the

author of the publication in question.
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SUM:...aRY This is the first of several reports on "The Study Methods

in Mathematics Project". The goal of this project is to

describe and develop practical study methods, which are

especially suitable for adults' study ef mathematics.

Among the preconditions of the project can be men-

tioned: experience from research in the study habits of

mathematics students, general studies in literature on

mathematics education and study techniques, research methods

clarification toward a process/product centered developmen-

tal research, and the author's own school and study ex-

periences.

The project is characterized by a social engagement:'

a special effort being made for educationally underprivi-

ledged adults. The mathemLtics discipline was chosen as

the object of study, partially because precisely this

discipline can appear to function as a social filter in

education.

The investigation's immediate goal is an improved

study methodical adjustment to a teacher-directed instruc-

tion situation. The more distant perspective, however, is

collective learning, which implies a self-directed 1er:3:ming

process and reciprocal teaching.

:i.JENGTH 30 pages
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FOREWORD

As part of the "Study Hethods in Mathematics Project",

there will de published a series of duplicated reports,

similar to this, which together will describe the most im-

portant aspects of the project, and will, at intervals,

bring the latest collected e::periences. The next report

will thus describe the goals and most important fundamental

concepts of the project.

The reports, which are :luplicated in only a few copies,

are meant to stimulate feed-back from educationalists en-

gaged in teaching and from educational psychologists engaged

in educational research.

There will be attempteC a form of exposition that is

easily assimilated by both groups of readers.
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PROJECT SM EARY

The primary goal of the project is to develop practical

study methods, which are especially meant for use by adults

studying mathematics - partially in classroom situations

and partially by more unstructured, self-directea learning

processes.

The first experimental subjects are the oldest students

(35-55 years) in a number of highschool classes for educa-

tionally underpriviledged adults. The experimental situation

itself is built upon the use of ITV (Internal TeleVision),

interviews and verbalization of thoughts and feelings du-

ring the learning process; and focuses upon a detail-ana-

lysis of the single subject's individual learning process

Preliminary experiments have 1;- n completed with pro-

mising results, and in December 1974 began the actual ex-

perimental and developmental work on the project.
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INTRODUCTION

If one reads research reports, the cronologicall

arranged report format can often astonish the reader with

the overwhelming impartiality of its internal structure:

the one segment apparently following the preceding, both

logically and naturally - there do not appear to be any

other possibilities, nor are there auloose ends marring

the impression given.

The following sections are thought of as a humble

attempt to discontinue the use of such overstructured de--

scriptions, which claim to be self-sufficient - whole struc-

tures justifying themselves.

By this means is also met the criticism of the last

few years of an inappropriate, if not directly manipulative,

self-censoring by researchers of the attitudes experiences,

events, incidental impulses, biases, values, etc., etc.;

all of which actually lie behind the choice of the research

object and the determination of both closer and more distant

goals for the individual projects.

Thus, the intention here is to give a more open de-

scription of the basis of this specific project.
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PROJDCT BACKGROUND

The H.C. Cjrsted Project 1966-1970

In 1966 the Student Council of the MathervItics-Psysics

Department became anxious over the high percentage of

student failing the general methematics course (Mathema-

tics-1) at Copenhagen University's H.C. Orsted Institute.

This course of study was the major preoccupation of the

1st. year mathematics students, and was required also of

students in related fields, ie. psysies, geography, etc.

M-1 was, in short, a bottleneck.

Contact was made with the author through the Insti-

tute's Department of Didactics, where he was a t:-,minee in

educational research at that time. This resulted in an

interview investigation in 1966-67 (Poulsen, 1968), where

it was sought to determine which study habits were the

most appropriate in regards to passing the M-1 course of

study.

A set of study habits - which taken together correlated

significantly with the study result of the 1st. year - were

successfully pointed out; and a dubplicated practical guide-

-line was written, tested and distributed to the students

(Poulsen, 1968 og 1969a).

Three years after the initial investigation (in 1969),

the same group of students was questioned about their study

progress by means of a mailed questionaire (45 out of 46

responded). Half of the respondents still studied mathe-

matics. The other half had dropped out of the mathematics

study, but had begun on other forms of educations, where

they managed well (Poulsen, 1970).

If one did a status today, there would appear to be

three major lessons to be learned of these investigations:

First, that the study-methods aspect of mathematics learning

is a promising idea for attacking this question, but that

interviews and questionaires alone can not give satisfac-

tory data. Secondly, that these university youths are already

9
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on th right side of our society's educational gap, and

therefore arc perhaps not the correct group to invest the

minimal pedagogical-psychological research resourses in.

The third lesson is that there exists an extraorOinarily

close correlation between study methods, teaching material,

teaching methods, and examination reguirements. .J-buCty me-

thods applicable to high school oxo simply nonapplicable

to a university environment.

Research on the learning of mathematics

This section is based upon a somewhat more extensive

discussion of some research reports (Poulsen, 1971) - an

investigation, which it is my desire to develop to an auto-

nomous report in a similar format to this .

If one looks at what psychologists have investigated

in the teaching of mathematics during the past ten years,

it will become apparent that they have, almost without ex-

ception, worked with the presentation of the material to

be learned. They have modernized the curriculum, ie., they

have tried to write textbooks in a broader and more easily

comprehensible style, and have introduced audiovisual aids.

They have been concerned with the sequence of presentation

and with the tempo in which the teacher should present the

material (for example, in both programmed teaching and the

work with general textbooks); and they have sought to present

the material in such a way that the pupil is stimulated to

Ciscover the mathematical concepts himself. There have been

made dozens of investigations in these areas, buth they are

all primarily interested in what the teacher has to do to

make the learning more stimulating and easy.

The research where there is made an attempt for a

better understanding of how the pupils thought, while they

learned mathematics, falls also into this previously men-

tioned category. These projects conclude in concrete sugge-

stions to new teaching materials and directions to mathe-

matics teachers and not to the pupils (Dienes, 1960; Kaplan,

1964; Land, 1963).
10
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Beyond the themes mentioned here, some of tlic thingn

researchers have worked with are: independent study" methods;

the relative effects of differing teaching methods on lear

ning; corr,:dating thG characteristics of the pupils, who

live taken part in "effect" ressa:ch; and finally with the

Cevelopment of tests for usc in determining proficiency in

subject matter, intelliencH attitudes, etc..

It is remarkable that in this large and varicyj 3.roup

of reports one only finds a few investigation's', of t:lle pupiTh'

individual stuay-methods. The reason for this can be diffi-

cult to determine, but a lack of interest by educationa-

lists and a lack of research instruments and methods have

perhaps been the most important Zactors.

Buswell & Kersh (1956) and Newell, Shaw & Simon (1960)

have attempted to describe thought processes in the sol-vf---,

of mathematical problems. In both investigations, the results

were meaningfull descriptions, which clearly showed the

individual variations.

Kaplan (1964) and Tough (1967) were interested in how

much individuals themselves could direct their own learning

activities with beneficial results and in both cases it

proved to be possiblc.,.

Poulsen (1968, 1969
b
and 1970) has done a longitudinal

study of individuals' study haiits (the H.C. Crsted Project)

and found that it was possible to describe this aspect of

the students' course of study by employing an interview-

-questionaire method; and he found that university-level

students did not appear to be able to determine appropriate

study methods for themselves without assistance.

The results of these investigations can be intrepreted

such that in reality it is possible to achieve practical

descriptions of many aspects of the individual learning pro-

cesses in the learning of mathematics. It must be remembered

though, that in this research the subjects have been, for

the most, high school and college students. Whether such

results can also be obtained when the research subjects are

not used to studying, will be determined only with further

research.

1 1
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If one now considers, which type of rosoarch iS most

capable of provieng knowlugo of the individual learning

processes, it will become a question of whether it would

not bo of positivu value to combine all the rosearch methods

used to dato, in an intensive investigation of individuals'

learning of mathematics.

Buswell & Kersch and Howell, Shaw & Simon directed their

subjects to describe, either orally o72 in writing, their

reasoning, tape-recorded this "thinking aloud" and used tho

subjects' notes together with these tapes in the following

analyses. Kaplan also attempted to register the learning

processes by means of tape-recordings and the subjects' notes.

On the other hand, Tough and Poulson did not attempt

to acquire detailed information on the actual problemsolv-

ing phase, but rather obtained descriptions of a longer

process in individual learning activity, by means of inter-

views and questionaires.

If one combined the registration of "thinking aloud"

and analyses of the subjects notes with structured inter-

views; and if ono further controlled the results with direct

observations, it could bc possible to obtain a more practi-

cal and deeper understanding of the individual learning pro-

cesses.

Research on learning nrocesses

This section begins with a many paged quotc from another

roport from the Danish Institute for Educational aesoarch

(Jensen et. al. 1974, pp. 3-6).

"The background for the project is partially research-

-methodical contemplations on the process-product dis-

cussion and partialy c.n estimation of the practicality

of the contents in developmental descriptions.

Prior to the 1960's, one could ascertain an increas-

ing dissatifaction with rosearch in problemsolving psy-

chology. Since the pioneers, Selz, Dunker, etc., had

begun using the so-called "Thinking aloud methoC",

there have not be:.)n any important changes methodically

1 2



or conceptionally. A largo part of the investiL;ations

are described in such a way so that the activities

appear as somewhat advanced "party games". The astonish-

ment that "highly intelligent" people also had diffi-

culty solving problems of various nature is something

outstanding in the result descriptions. The investiga-

tions, very often, can be said to give synchronous

descriptions, ie. descriptions of the more or less

specific competance of people grouped after various

dimensions: age, sex, socio-economic status, IQ, etc.

Post-hoc error analyses dominated in the develop-

ment and preparation of results, with the number of

solutions as an outstanding parameter; while the ac-

tivities which lay prior to the, (of the researcher),

defined situation, ie, solving/not solving, were not

considered.

Other background factors for the investigation are,

as mentioned, developmental theories - especially that

of Piaget. His starting point had been, first and

foremost, the development-of knowledge. Due to gene-

ral biological considerations though, he found it ne-

cessary to study the development of comprehension in

man, an thus came to his formulations on the develop-

ment of knowledge. Development in this field can be

said to be soli:ething in the direction of a gradually

more explicit dialectics betweon man and his environ-

ment.

It is presumably still reasonable to characterize

Piaget's model as a stadia-model, ie., the life-cycle

of an organism (ontogenetics) is described as a se-

quence of developmental stages, where each stage re-

presents the comprehensive summations of the organisms

competence, as it exists at a given point in time. As

well as being used as ontogenical points of reference,

the description of these developmental stages was sta-

ted by Piaget, in a logical-mathematical language, as

an attempt to expose the individual's construction of

his environmental understandign. Behavior, as it was

13
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explained by the many original experiments, was c"..e-

scribed by means of logical-mathematical elements,

with the many possibilities of intely:r.ltation this

system enjoys. This interpretation of behavior is one

of the many points in Piaget's model worthy of lis-

cussiun. The reporting of these e:cperiments is known

for the difficulties in controlling this interpreta-

tion and the repetition of these many experiments

has not been particularily clarifying, in spite for

their numbers. Most investigations, though not all,

can still be seen as contributions tome of two groups

either in.agreement with or disagreeing with Piaget's

results. The sizes of the two groups does not in them-

selves bring greater insight into the experiments'

range of reliability.

"Two tendencies - 1) dissatisfaction with product

descriptions wiithin problem solving research which re-

sulted in a changing of priorities towards develop-

mental models as the basis for observing problem-solving

in a larger context; and 2) a desire for a more con-

structive interference oriented description of (cogni-

tive) development - led to reflection the practicabi-

lity of a problem described by the American psycholo-

gist E.R. John (1957). We found that it had possibi-

lities and in the following we will give the basis for

this decision.

The problem with "product investigations" is, of

course, that one observes and registers only a little

segment of something much more complex; in that, one

registers the " propose(1 solution " only and charac-

terizes it as either right or wrong. The quotation

marks stress a certain degree of vagueness around the

process-product concept. The discussion on this theme

has sometimes emphasized process and product as two

essentially different things. The productswas one thing,

the process something totally different. On the basis

of general descriptive theoretical considerations, we

1 4
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are in principle in disagreement with this differenr

tiation. These considerations are too far from the

point to discuss here, and, of necessity, we are able

only to refer to an outline presentation (Jensen,1970

Ch. II; Nissen, 1970, Ch. I).

As an assumed definition of these terms, we can

say here, that process is equated with a seouence of

products. At the same time, we prefer to speak of a

series of situations, in agreement with the named re-

ferences. We wish to stress the fundamental arbitra-

riness, partially in the delimination of a process

one is interested in, at any given time, including

problem"; and partially in a particular process's

"situation density", (ie., the number of situations

in the series). The smallest possible series, though,

will be two situations. This means that the .elimina-

tion of a series must be dictated by a purpose or goal

as it is not found in nature. In our meaning it must

take its starting point in a developmental and pedago-

gical model.

The most important characteristic of thc reasonings

for "process" studies, or as we prefer to call them,

the studies of solving-series, is that the phenomena

psychology is concerned with, can be investigated by

many different means; and correspondingly a given state

can, dependent upon circumstances, lead to many differ-

ent results.

This situation is, at a certain descriptive level,

different from another, which exists in the employment

of physical objects, where one can, to a larger degree,

describe a process, which has led to a certain result,

precisely on the basis of that result. An interference

-oriented developmental psychology, instead of a mere

exposing of personality changes, must therefore have

as its basis the study of processes; cf. a requirement

of the smallest descrip-cive element. The probleM is

therefore, to register something more extensive- than

15
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the preposed answer. That is tc say, we must maintain

the reflections the subject makes, which le: to this

answer. More generally, we will maintain that one must

have externalized larger segments of the process rather

than only the proposed answer.

We have previously mentioned the "thinking aloud"

method as a meaningfull contribution to process-study

methodology. Under "favorable" conditions it maintains

aspects of the solving process, that can contribute to

a variable appraisal of the actual proposed answer. As

is well known though, there are many problems connected

with the use of this methodology: both what one could

call the "technical" problems and also the general pro-

blsms of princ:ple. These last are connected with the

question: "Is it tha same process that goes on in the

subject, when he is 'thinking aloud' as when he is not."

(see for example, Neisser 1967, Ch. I.) One could thus

speak of a more of less appropriate extenealizing, in

relation to the goals of a particular investigation.

The groundrules for externalizing are found in the si-

tuation that the subject is placed"-In"; iu., the re-

strictions, with their associated observation catego-

ries, which the research situation calls to the atten-

tion of the subject.

Externalizing in the task, which the apparatus de-

scribed here is the basis for, is special in that the

task-process "is forced" to include, or brings to ap-

pear as, a series of decisions on which activity, in

connection with the problem apparatus, could be thought

to lead to the goal. These decisions are registered.

Thu sequence of decisions constitute the solving "pro-

cess", and the work consists there after in characteriz-

ing this sequence on the basis of the models wo have

taken as our starting point. A more elaborate descrip-

tion of the registration and the basis for analysis

of this characterization will be described in a subse-

quent mimeographed report."

16



15

Many of the reasonings stated in this quote are also applic-

able to the present project: the inadequanteness of finished

product analysis; the importance of process-studies; and

the view of "the process" as a series of situations

Personal background:

As mentioned in the introduction, it has been the

acknowledged practice in research circles, that the research-

er's own person did not show through in scientific reporto.

This can have the favorable effect that the reader more easily

can hold his interest in the work itself and not bo intruded

upon by the researcher's personality.

This point of view can, perhaps, still have relevance

in research, where the registration of data is done by means

of a physiccp. apparatus- In psychological research, though,

where an important part of the registration apparatus is the

researcher himself, a human being, it must be brought to

the reader's attention if the researcher has qualifications,

characteristics and attitudes,which directly influence the

more important aspects of the project for reasons of objec-

tivity.

In this case, my personal experiences, concerning the

learning of mathematics, include strongly positive, stronz4

negative and neutral experience phases - all three of many

years duration in different segments of the school and edu-

cational systems.

The negative experiences in learning can still, many

years after, bring about very strong feeling of helplessness

and frustration. There was some doubt, because of these ne-

gative feelings, as to whether or not the project should

continue with the author as its leader. A very comprehensive

project proposal was worked up (Poulsen, 1971), was thoroughl:,

discussed with colleagues at the Danish Institute for Educa-

tional Research, and was given the green light, but it was

still difficult to begin. Was the involvement too strong?

Would the project be biased by this to an unacceptable degree?

17
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The dissolvment of doubt came gradually and by way of

preliminary experimentations, in which the author came in

personal contact with various subjects. It became apparent

in those trials, that because of the author having had pre-

cisely these very negative experiences in mathematics learn-

ing, the subjects who ha0 had similar experiences related

more frankly, their own frustrations in learning situations.

Gradually, it became clear that what before had been a source

of error, a weakness, became, in fact, a strenght - a special

source to a deeper empathetic understanding.

In the long period from 1970 to 1973, where work on

the project was almost stopped (because of other commitments),

the time was used, amongst other things, in developing a

new orientation in research work models, characterized by

action-research, where data collection and data application

go hand-in-hand. This new orientation is a consequence of

critical reflections on :ducrLtion, and on theil qurdity or their

own research, made by a group of colleagues at the Danish

Institute for Educational Research - contemplations that

are still developing and that grow in extent.

The author has, in other words, difficulties himself

in learning mathematics and has great limitations in mathe-

matical profiency. This os one of the reasons, that a con-

sultant is attached to the project (a high school mathematics

teacher) as a resource person, concerned with the mathemati-

cal subject matter of the project.
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ASSUMPTIONS AND VAhUE JUDGEMENTS

Choice of research subjects and learning situation:

If one examines classical textbooks of psychological

research of human learning, with special attention on the

choice of subjects, it will become apparent that surpris-

ingly many have been students, school pupils or pre-school

children.

Surprisingly is perhaps not the correct word, but it

is remarkable that the age group up to 20 or 30 years old

appears to have made up the subject source for the vast

majority of experiments and studies. The explanation can be

simply that they were the easiest for the psychologist to

get a hold of - or that researchers did not find it worth

the trouble to concern themselves with adults over 30; perhc.ps

it was not felt that they would be learning more. 7hatever

the reasons, the above mentioned asymmetrical age destribu-

tion is a fact.

A second remarkable characteristic of earlier research

is the often mentioned problem of "transfer", ie., the trans-

ference of the results of psychological learning research

from the laboratory to, for example, the classroom. This

transference appears to offer many difficulties (see, for

example, Grundin, 1971); so many so as to almost require

investigation of the transfer process. One can see a malignant

circle beginning to take shape. A characteristic of the la-

boritory-oriented research is that it recoils from tackling

the reality, where the learning takes place, and elects to

work with highly controlled learning situations, where the

results are precise - but are often unusable in their ori-

ginal form for the practical educationalist.

With this experience as a basis, and with the improved

research methods now available, it is tempting to try to

eliminate the problem of transference by delimiting some of

the vital situations of the daily learning activites of man,

and then study and analyze these extracted segments in their

own, complicated entirety.

1 9
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These two observation, on the choice of research sub-

jects and situations, can inspire the conjecture, that,

what determines research results' validity range, more than

anything else is precisely the choice of subjects and learn-

ing situation. In other words, the results are applicable

most likely only to those persons, their social level and

those learning situations used in the research design.

Obviously, within this lies an abandonment of the am-

bitions of decades to ascertain and formulate general laws

for man's learning - natural laws from which educationalists

could deduce practical methods; just as one can deduce from

the natural laws of physics, how much Nelocity a rocket

requires to reach the moon.

Ne,,er! If we, at the present stage of educational/psy-

chological research, have any ambitions of obtaining prac-

tical, usable results, the closer, local perspective must

dominate.

It is always easier to have hindsight.

With the methods available to date, and with a strong desire

to imitate research in the natural sciences, it is under-

standable that researchers avoided the confusing and com-

plicated learning situations of everyday life, and instead

attempted to analyse the results of artificial learning and

problem solving experiments. But, if the psychological learn-

ing research results of the future shall contribute pronounced

to pedagogical development, the classical methods must be

replaced with the new. Product analyses are to be supple:nented

ed with process studies; artifical learning situations are

to be replaced with more realistic situations.

And whom shall be the concern of this project?

Onc'2 more, we should examine the currently used and

prefered subjects, especially high school and college stu-

Oents. Connected with their age is the fact that, because

of their educational institution, there is a clear reference

to especially priviledged; they are children and youth, who
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have had the best educational possibilites. In other words,

if one wishes to obtain a more socially justifiable distri-

bution of the educational/psychological research, it is

only reasonable to choose educationally underpriviledged

adults over 30 7-ears old as the subject group.

It is not my intention to attempt a larger documenta-

tion here, that this subject group's situation is quite

different with respect to education.

Let it be rather stated as several assumptions:

1) that most educational and instructional offers, actually

are directed to those under 30 years old; 2) that conditions

for the educationa2ly underpriviledged adult are made still

more difficult by the fact that the examination structure

requires of them, that they start their educations unrea-

sonably low in the system; 3) that it is precisely these

educationally d.prived over 30, who are the first to with-

draw, regardless whether it is highschool-lovel, recreatio-

nal learning, shorter occupational courses or another form

for education, (the average age in many adult education

courses in Denmark is falling); 4) that these adults - re-

gardless of whether or not they receive an education later

in life - have more difficulties getting qualified employ-

ment; and 5) that this group is exposed to concrete econo-

mical hindrances, and also - especially when we go up in

age - are held back by the widespread myths on adults in-

ferior abilities to learn.

The choice of situation is more difficult, but is de-

termined in reality for this project, by the author's ex-

periences, which primarily are concerned with research and

development of individual study methods for use in educa-

tions focusing on literary and intellectual skills (as op-

posed to the just as important educations which focus on

practical, manual training). However, behind these experiences

lies a selection based on some considerations concerning the

value of several different learning situations, which usually

are a part of such educations; ie., individual study - work

in small groups - and class work. In the late 1960's an
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appraisal of the research in mathematics teaching showed,

that the largest research contribution by far concerned

class teaching methods or methods for individualized teach-

ing: in other words, the teacher and teaching materials.

The students' learning processes (differentiate'l from sta-

tistical descriptions of proficncy, mathematical abilities,

attitu(1es, social background, etc.), have been almost to-

tally ignored. Dot it remain a supposition that is acceptod

as valid - and not just concerning the subject of mathematics

- that the majority of the practically oriented educational/

psychological research is limited to the person of the teacher

(teaching methods) and the use of teaching materials. There

has also been research with more collective participant-di-

roctod educational structures - but, the single participant's

individual learning processes have beenhardly touched.

The choice of Subject:

The choice of research persons and priority of learn-

ing situations aro based upon value judgements. licarning,

however, happens always in relation to something, a subject,

a theme, a problem presentation, etc. Historically - as this

as well as all other projects has a prior history (the H.C.

La.sted Institute Investigation; Poulsen, 1968, 1969 & 1970)

- this project is associated with the subject of mathematics.

It was natural, therefore, to build upon this association -

natural, but, as was seen, not especially well founded, and

there came a year-long pause, where the work was put aside,

partially because of other work, but also, to a high degree,

because of doubt as to the value of continued research in

mathematics teaching. In the projects original form, the

meaning was to develop bettor study methods for mathematics

learning in high school. The critical development in the

field and in research in general, that took place in Denmark

in 1968-1970, resulted in new considerations. Concorning

the choice of research persons, it seemed more and more un-

just to allow the project again to favor the high school

students. The choico gradually became youth not entering

highschool and finally became the educationally undorpri-
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vileged over 30 years old.

Remaining were many other questions, but one of the

most pressing was whether or not the choice of the mathe-

matics subject could be Iustified stisfactorily, or whether

the project should have a totally new subject matter. This

question remained unresolved for a few years while work on

a book on documentation in educational psychology was com-

pleted (Poulson, 1975). The impulses which set the project

going again were two: Thursday, March 8, 1973, there was

a little article in Politiken(pg. 7) (a large Danish news-

paper), concerning a statement made by the president of the

National School psychologists Association, Anders Poulsen.

He drew attention to the fact that teaching of the new math,

in the 1st. and 2nd. school years, had resulted in an in-

creasing number of referals to psychological testing. In

the following days, the statement was the object of lively

discussion, especially amongst the teachers of the new math.,

who advanced the positive aspects of it. There remained

though, an impressicn that more children were referred to

the school psychologists and that there was a social bias -

that precisely the subject of mathematics was the cause of

an early and socially determined, segregating of certain

children for special treatment. The other impulse was sti-

mulated by two books: the first, "Skolebog Nr. 1" (School

book number 1) by Jesper Jensen and Per Schulz (1971) and

the second, "Matematikken i Samfundet" (Mathematics in

Society), by Jens & Karen Hoyrup (1973). In both books,

though most fully developed in Hoyrup & Hoyrup, there is

demonstrated a connection between mathematics curriculum

and the present, specific social order and especially the

one-sided political slant of the example material for the

more practical themes within arithmetic and numbers training.

These books contributed inspiringly to the following

question: "Could it be possible that the present mathematics

curriculum early favorizes children, who through an enriched

language development are accustomed to abstract thinking

and the use of symbols, that this curriculum handicaps chil-

dren from less privileged social environments, in regards
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to satisfactory rchievement in this subject; and th.7A low

achievement in precisely this subject, throughout the school

systom, comes to function as a social class filter (because

of the procudenco given it by teachers and -Cho increasing

inclusion of mathematical reasoning in other, rolated subjects)

- a social class filter which contributes to the fact that

children and youth from socially less priviledged environ-

ments imperceptibly, but definitely, turn away from the

subject of mathematics and those educations, where mathema-

tical proficiency is considered to be an important prerequi-

site. One can visualize just how such a development could

be accelerated in a school system, wheru any number of subjec",;r:

are optional.

In other words, the subject of mathematics stands out

as ono factor, which very easily cna have a connection with

the socially determined educational gaps.

It was with this perspective in mind, that the project

was restarted, with the fundamental point of view, that

precisely the subject of mathematics, for educationally

undorpriviledged adults, can be one of the greatest barriers

to further education.

Other reasons, which are secondary in this connection,

aro 1) the importance of mathematics as a key to other

subjects, ie., Physics, Chemistry, Technology, Social Scien-

ces; and 2) the fact that mathematics is a difficult aubject.

The degree of difficulty though, is not an easy concept to

deal with, as it does not say anything in absolute terms,

but rather, only as a relationship - the relationship be-

tween an individual's competence and the requirements deter-

mined by either himself or others. This is the causo of a

rewriting of textbooks in a more easily understandable

language, amongst other things. At a more everyday level,

statements about the difficulty of mathematics'arc deter-

mined by deeply lying personal experionces. It seems espe-

cially to take peoples' courage from them, when they, after

a half day's intensive work, still cannot understand
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the textbook's description, still cannot solve the p2ob1em.

This experience can have a deeply frustrating intensity -

but, such "difficulties" can happen in any subject and can-

not be applieci therefore as a special arguement for choosing

the subject of mathematics.



THE PROJECT'S ORGANIZATION

A research project can -Je seen as a temporary social

subsystem. One could supposo that it is a purely practical

matter, how the work in this sybsystem is organized; but

as Gitte Haslebo points out, (with support in Argyris' ana-

lysed), this is not the case. The system's organization mir-

rors a value judgementin whether or not it is a closed and

authoritarian, or an open and democratic systom. The prior

term refers to a pyramidal structure, wherein the researcher

is at the top of the pyramid and directs some assistants,

who again direct some research subjects, whose solo assign-

ment is to accept and fulfill the roll the researche as

assigned them. The latter term expresses a form of research

where all who are included in the project - the researcher,

his assistants, the aubjects and others - make the necessary

decisions together, in the more or less foreseen situations

where a choice must be made.

It is tempting to strive for the open, dem :ic model

of organization. It is a form, which also ensurus greater

probability for beneficial application of the results -

precisely because thu people, who will be potentially utiliz-

ing the material have been included in the direction and

working out of the investigation.

Seen realistically though, it must be assumed that this

project, at least in the beginning, will be strong7ydirected

by the researcher. It is my intention, however, to gradually

attempt to employ A more open structure.
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PERSP3CTIVES

Teacher-directed Learning in the School

In the first phases of the project, there is a close

association to a school teaching situation. The research

persons come from highschool classes for adults and they

are requested to take part by the school administration

and the teachers; furthermore, many mathematics teachers

from the school have exhibited great intrest in practical

application, on an experimental basis, of the results. As

most people's literary, ritellectual learning activity

unfolds within the framework of a traditional school situa-

tion, it is important that the educational research be con-

centrated in illustrating the learning in an institutional

situation.

Antecedent to the project though, lies a vision that

goes further than this basic framework.

In an organized, adiministrated school situation, it

is characteristic that people are sharply divided, with

teachers on the one hand and the students on the other. An

important relationship, which usually is considered to be

defining for the teacher, is his proficiency and accomplish-

ments in, and his attitude towards the subject matter, which

must be developed in the students, who do not have this pro-

fessional ballast previously. The development of the stu-

dents' knowledge, proficiency and attitudes is encouraged

by their experiencing the teacher's instructional practice

(teaching methods) and by themselves having a learning

activity (study methods).

The basis for my vision is the following two

observations:

1) that proficiency and accomplishments in, and atti-

tudes towards the teaching methods employed, which teachers

have, are not attempted to be developed in the student pa-

rallel to the development of the comprehension of the subject

matter. The teacher gives his technical competence to his

students, but not his knowledge about the teaching methods

not the pedagogical.
2 7
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2) that the teacher is interested in and tries

influence the students' learning products (prol'em solving,

lectures, written assignments, etc.), but not their learning

processes, not their study practices. If the exceptional

occurs, and a teacher involves himself in the students'

study methods, it is usually as a form for further adjusting

to the teacher-directed teaching arrangement.

The result of this is that most people, children and

alults, have the impression that one can only learn somethir

in a traditional, organized teaching situation. The learning

becomes dependent upon whether or not there is a teacher in

aHtendence in a definite institutional setting - students

can neither self-direct larger individual learni'z projects,

nor can tney teach one another, that which they have gotten

out of their studies.

Self-directed and Collective-directed Learning Situations

My vision isthat the individual has the potential

to direct self his learning jointly with others, and do

it independently of an organized, teacher-centered instruc-

tion situation. People can, for themselves, iormulate that

which they wish to learn: search for, discover, and collect

expertise, data, and materials related to the subject matter;

plan, organize and realize their learning; and finally eva-

luate the process and the finished result, so that there

can be advanced constructive proposals for improvement for

the next learning project.

This does not make schools and teachers superfluous.

The school's primary function becomes teaching people to

direct self their learning activities and to be able to teach

others, as soon as they have self4obtained proficient ex-

pertise in as specific area. The key words here are self-

-directed learning processes and reciprocal instructior.

Schools, which have these two relationships as their

primary goals, will naturally still have a use for teachers.

These teachers' competence though, will be both technical,
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instruction methodological and study methodological. Ilnd,

they will nob monopolize their knowledge of the two latter

ealeational factors.

Such a combination has, as far as is known, never

been systematically attempted. In the Latin Schools of

the Middle Ages, the older students thrashed Latin into

the younger students, but any form for reciprocrisy was

not quite to be found. In modern universities, many students

are employed as instructors, but again, this can hardly be

seen as training in equal, recriprocal instruction.

Instruction in study techniques and training in reading

are common, but first and foremost, deal with adjustment

to a teacher-directed learning situation.

Regarding the present project, if the first phase is

a success, then the next phase will be an attempt to moti-

vate educationally underpriviledged r:.ults to learn mathe-

matics through recriprical instruction and selfdirected

learning processes; in other words through collective learn-

ing.
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CONCLUDING COIMNTS

It has been said, that there are many different things

which taken together make up the "motives of the researcher".

Uhich factors, that most determine the project's more exact

content, are difficult to point out at present - they will

appear in the course of the project.

But, to have shorn greater part of the preconditions

and value-judgements for example, the gaps in the research

and the study methodological possibilities - would be,

simply, after the common definition of the word, manipula-

tion of the readers. The few pages it costs extra are a

little price to pay for the openness, which is created in

regards to the "actual" goals of the project.

And, such an openness is a necessary prerequisite for

a democratic cooperation, with the research persons and

the practically working mathematic educationalist-.
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